INTRODUCTION
The accelerometer, laser vibrometer and displacement sensor are used to detect faults and estimate the vibration of large structures such as buildings, bridges and pipes. However, it is difficult to estimate vibration using the existing method of attaching a sensor and measuring radiation exposure at a high temperature and radioactivity where the sensor is applied. Therefore, we need a method to estimate vibration from a very great distance without attaching a sensor. A study that uses image signals generated by a camera instead of existing sensors was suggested several times [1, 2, 3] .
When using a camera at a piping structure as shown in Fig. 1 , we can estimate the vibration of multiple points in one shoot. However, the point coordinates estimated from each frame should be classified to estimate the displacement of vibration at multiple points. The frame number of an image indicates a certain time, but it is necessary to know which coordinates of the multiple points detected in each frame are oriented from which point.
In this study, we suggest how to classify point coordinates and estimate the vibration occurring at the displacement of each point by applying a pattern recognizing K-means algorithm, shooting multiple points on the Modal testing requires measuring the vibration of many points, for which an accelerometer, a gab sensor and laser vibrometer are generally used. Conventional modal testing requires mounting of these sensors to all measurement points in order to acquire the signals. However, this can be disadvantageous because it requires considerable measurement time and effort when there are many measurement points. In this paper, we propose a method for modal testing using a camera image. A camera can measure the vibration of many points at the same time. However, this task requires that the measurement points be classified frame by frame. While it is possible to classify the measurement points one by one, this also requires much time. Therefore, we try to classify multiple points using pattern recognition. The feasibility of the proposed method is verified by a beam experiment. The experimental results demonstrate that we can obtain good results. Technical Note structure with a camera from a great distance. The number of frames in the camera depends on the sampling frequency and the extent to which the resolution is directly related to dynamic range. It is difficult to measure highfrequency vibrations such as ultrasonic waves. However, in the case of large structures such as a bridge or a large pipe that vibrate at a low frequency, it is possible to estimate the vibration with a camera. Also, because the camera uses images, it can shoot several points on a screen at the same time. We can obtain the mode shape, as well as the frequency of vibration in this way.
After examining how to classify the coordinates measured with a camera using pattern recognition, we explain how to measure the displacement of vibration, frequency and the mode shape through tests with beams.
HOW TO ESTIMATE VIBRATION WITH A CAMERA
Images obtained from a camera were processed to obtain the conversion coordinates of selected areas, which could allow measuring of vibration displacement. This section discusses a way to measure vibration displacement through image processing [4, 5] .
Obtaining Images of Piping Structure Using a Camera
To shoot the vibration of images of a pipe with a camera, mark the area to estimate a certain vibration displacement as shown in Fig. 2 . Mark several points on the estimation expected positions.
Transforming Coordinates of the Selected Point Using Image Processing
Estimate the displacement of the selected area using the pipe image shoot image shown in Fig. 2 . Figure 2 Make the grey image shown in Fig. 2 (a) binary coded through histogram analysis [6, 7] . Acquire P1, P2 separated image in Fig. 2(b) , making use of (1) Dilation and expression (2)Erosion.
Find the location of P1, P2, making use of the Grassfire Algorithm labeling method [8] at Fig. 2 (b) Image.
P1M(x, y), P2M(x, y), a central coordinate of P1, P2 Area can be deducted from expression (3).
Where, xi and yi are the longitudinal & latitudinal coordinates of the image at a labeled composition pixel.
Acquire the central coordinates of the P1, P2 area from each frame image, repeating the process from 1 to 4 for subsequent frame images.
Partition Using Pattern Recognition
Using the transforming coordinates of the selected area of 2.2, estimate several points at the same time and acquire each transforming coordinate. As the numbers and frames of the point coordinates increase, a certain confusion results as to which central coordinate is oriented from which point coordinate, which occurs in case they 
are separated from each other. To solve this problem, separate each central coordinate automatically, making use of a pattern recognition K-means algorithm [9] .
K-Means Algorithm
The K-means algorithm is widely used among nonhierarchical cluster analyses and is a simple self-study algorithm. This is a kind of analysis to find out which cluster includes each object after separating the number of clusters into M. So, it is highly suitable for the clustering of massive data.
The K-means algorithm is presented below. 1. Select M number of objects to make the property of each object the average point of each cluster. 
Partition Making Use of K-Means Algorithm
Acquire the central coordinates of P1, P2 and P3 by each frame of the camera image. We can know it as the order in which the frames are acquired. However, any intentional decision requires knowing which coordinate is right among the P1, P2 and P3 coordinates. Hence, in case the K-means algorithm is used, we can separate each central coordinate into P1, P2 and P3 groups automatically.
The displacement between the central coordinates separated by the above method presents the vibrating displacement of a structure. Therefore, we can find certain vibrating frequency and mode patterns, making use of this vibrating displacement.
EXPERIMENTAL VERIFICATION
To verify the above theoretical contents, we performed a test with steel beams and springs. Figure 4 shows the tester estimating the vibrating displacement, vibrating the steel beams with a shaker. At this time, we vibrated the beam with 5.9Hz, the frequency of the 1st mode for the beam, making use of a function generator. The camera can capture images at 60 frames per second with a resolution of 640 480. Therefore, the sampling frequency of a signal estimated from the camera is 60Hz. Figure 5 (a) shows a real camera image and Fig. 5 (b) shows the real displacement estimated graph through this image. It can be easily seen that real displacement follows the real vibrating shape. Also, in watching the spectrum of the displacement signal at Fig. 5(c) , we realized that it corresponds to 5.9Hz, a real frequency.
Beam Experiment

Modal Test Experiment
One of the most important advantages in measuring displacement with a camera is that it can measure many points simultaneously, making it possible to measure mode shapes as well. Figure 6 describes an experimental setup to measure the mode shapes of a beam. The material of the beam is SUS304, and its dimensions are 700mm 25mm 1mm. Nine points are selected as measurement points as shown in Fig. 6 . The beam was excited using an impact hammer. At this time, a total of 7 second of time camera images are stored at 400 frames per second.
By using the K-means algorithm, the automatic dissociated result coordinates in which it measures in 9 points is shown through 9 groups in Fig. 7 . In this way, in one camera video image, many points can be measured and classified at the same time.
The displacement signal of each point in which it classifies through pattern recognition is shown in Fig. 8 . To obtain natural frequency and mode shapes, we performed a Fourier transform of the displacement signals at each point. Figures 9 and 10 show the magnitude and phase of the measured signals. The natural frequencies are 1Hz, 5.3Hz, 14Hz and 28Hz. Magnitudes and phases according to the natural frequency are arranged in Table 1 .
Using Table 1 , the natural mode shapes can be plotted as shown in Fig. 11 . To compare with the exact solution, we derived mode shapes theoretically
The tested beam is a simple uniform "pinned-free" beam, so we can derive the natural frequencies and mode shapes theoretically. To determine the natural frequencies and mode shapes, we employ separation of variables. Thus we let and substituting in the Bernoulli-Euler theory of beams gives [10] Because the boundary condition of the tested beam is pinned free we can let Using the solution form eq. (5) 
And the resulting frequency equation is
The first few roots are given by Figure 12 shows the theoretical mode shapes plotted by using eq. (8)~ (10) . Theoretical mode shapes coincide with the experimental result of Fig. 11 in the yellow box. Therefore, natural frequency 1Hz is a rigid body mode, 5.3Hz is 1 st mode, 14Hz is 2 nd mode, and 28Hz is 3 rd mode. The conventional methods of mode analysis must adhere to the accelerometer at all measurement points and acquire the signals. Therefore, there exists a considerable disadvantage in terms of measurement time and effort when there are many measurement points. However, the proposed method can measure the vibration of all points in one measurement because it uses camera imagery. Moreover, it can be increased as much as the desired number of measurements.
CONCLUSION
This paper proposes a technique for measuring vibration at multiple points using a camera image. To measure multiple points under current methods, the measurement points must be classified one by one for each frame, but this requires much time. However, the proposed method can classify the measurements automatically. This is because it uses the K-means algorithm. Also, because it is possible to estimate the displacement of several points in one shooting of the image for certain complicated piping or structures, we can easily find the pattern of vibration mode of a structure through a test. To verify the proposed method, we have performed beam experiments to obtain the natural mode shapes. Experiments show that measured mode shapes coincide with theoretical mode shapes obtained from an exact solution.
As the number of camera frames responds to the frequency and the resolution influences on the error of the displacement, we can estimate high frequency without much error when using a camera equipped with high resolution and the ability to capture many frames, e.g., a camera that can shoot 60 and 400 frames per second with a resolution of 640x480. As the sampling frequency of the signal estimated from cameras is 60Hz and 400Hz, it is possible to estimate vibration without aliasing if the vibration is below 40Hz
